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REYLRXVDPSOL¿FDWLRQ WR LGHQWLI\JHQGHUE\SRO\PHUDVHFKDLQ UHDFWLRQ 3&5FRXOG
not be obtained at high rates using a known universal primer pair, we developed 
WZR QHZSULPHU SDLUV WR LGHQWLI\ JHQGHU LQ WKLV VSHFLHV WKLV HQDEOHG XV WR LGHQWLI\
WKH JHQGHU RI DOO RI WKH VDPSOHV :LWKRXW H[FHSWLRQ DOO PDOHV JDYH KLJKSLWFKHG
FDOOVZKHUHDVDOOIHPDOHVJDYHORZSLWFKHGFDOOV0ROHFXODUHYLGHQFHDOVRFRQ¿UPHG
PRUSKRPHWULF GLIIHUHQFHV EHWZHHQPDOHV DQG IHPDOHV:H WKHUHIRUH FRQFOXGH WKDW




phism, Streaked Shearwater Calonectris leucomelas 
ORNITHOLOGICAL
SCIENCE




,GHQWL¿FDWLRQRI WKH VH[RIELUGV LV IXQGDPHQWDOO\
HVVHQWLDOIRUYDULRXVVWXGLHVLQFOXGLQJHFRORJ\HYR-
lutionary biology, ethology, and conservation biol-
ogy related to gender. Many terrestrial birds have 
evolved external appearance, such as plumage color 
RU VKDSH WKDW GLIIHUHQW E\ VH[ ZKLOH PRVW VHDELUG
VSHFLHV DSSHDU VH[XDOO\ PRQRPRUSKLF :HOW\ 	
*DSWLVWD7KHUHIRUHWKHGHYHORSPHQWRIPHWK-
RGVWRLGHQWLI\WKHVH[RIHDFKVHDELUGVSHFLHVEDVHG
on sexual characteristics other than visual appearance 
LVHVVHQWLDOHVSHFLDOO\LQWKH¿HOG




WLHV RQ LVODQGV DQG LVOHWV DORQJ WKH -DSDQHVH$UFKL-
SHODJRLQWKHZHVWHUQPRVW1RUWK3DFL¿F(DVW&KLQD
6HD DQG WKH 6HD RI -DSDQ 2ND  7KURXJKRXW
WKHLU EUHHGLQJ VHDVRQ IURP WKHLU DUULYDO DW WKHLU FRO-
RQ\ LQ 0DUFK WR WKHLU GHSDUWXUH IURP WKHLU FRORQ\
in November, they are nocturnal, returning to their 
FRORQLHV IURP WKH VHD DIWHU VXQVHW DQGRIWHQFDOOLQJ
ORXGO\DVWKH\ODQGDQGZKLOHRQWKHJURXQG<RVKLGD
 -LGD HW DO  2ND HW DO <DPDPRWR
HW DO <DPDPRWR HW DO $PRQJ QRFWXU-
QDO SHWUHOV YRFDOL]DWLRQ VHHPV WR SOD\ DQ LPSRUWDQW
UROH LQ LQWUDVSHFL¿F FRPPXQLFDWLRQ %URRNH 
:DUKDP&XUHHWDODQGLWKDVORQJEHHQ
VXJJHVWHG WKDW PDOH DQG IHPDOH 6WUHDNHG 6KHDUZD-
WHUVKDYHGLIIHUHQWFDOOV.XURGD.L\RVX
6XJDZD 	$ULPD  ,Q WKH FRQJHQHULF &RU\¶V
Shearwater Calonectris diomedea, Ristow and Wink 
 DQG %UHWDJQROOH DQG /HTXHWWH  GLVWLQ-
JXLVKHG WZR W\SHVRI FDOOV DQG DVVRFLDWHG WKHKLJK
pitched calls with males and the low-pitched calls 

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ZLWKIHPDOHV,QWKH6WUHDNHG6KHDUZDWHUWZRVLPLODU
W\SHVRIFDOOVKDYHEHHQLGHQWL¿HG$ULPD	6XJDZD
 KLJKSLWFKHG WKH KLJK FDOO DQG ORZSLWFKHG
FDOOV WKH ORZ FDOO DQG WKHVH FDOOVZHUH DVVRFLDWHG
ZLWK GLIIHUHQW ERG\ VL]HV LQGLFDWLQJ WKDW WKH WZR
W\SHVRIFDOOVPLJKWUHODWHWRJHQGHU7KRXJKPROHF-
XODU HYLGHQFH WR LGHQWLI\ JHQGHU KDV EHHQ ODFNLQJ
UHVHDUFKHUV LQ WKH ¿HOG KDYH FRQYHQLHQWO\ XVHG WKH
WZRW\SHVRIFDOOVIRUJHQGHUGLVFULPLQDWLRQLQVWXG\
SURWRFROVVHH7DNDKDVKLHWDO2FKLHWDO
<DPDPRWR HW DO  $V WKH QRFWXUQDO VHDELUGV
H[KLELWKLJKYRFDODFWLYLW\XQGHUOLQLQJWKHXVHIXOQHVV
RI DFRXVWLF FXHV LQ WKHLU EUHHGLQJ V\VWHPV JHQGHU
GLVFULPLQDWLRQ E\ FDOO KDV WKH SRWHQWLDO IRU EHLQJ D
NH\ SURWRFRO IRU ELRORJLFDO HFRORJLFDO DQG SK\VL-
RORJLFDO VWXGLHV QRW RQO\ IRU YRFDO FRPPXQLFDWLRQ
EXW DOVR IRU JHQGHU HIIHFWV WR DOORFDWH LQYHVWPHQWV
LQ SDUHQWDO DWWHQWLYHQHVV &KLFNV VLPLODUO\ JURZ WR
ÀHGJHWRPDNHWZRW\SHVRIFDOOVZKLFKGLIIHUIURP
WKH KLJKSLWFKHG EHJJLQJ FDOOV RI \RXQJHU FKLFNV WR
WKHLU SDUHQWV 2ND XQSXEOLVKHG 7KLV PD\ SURPRWH
WKH VWXG\ RI WKH JHQGHU HIIHFW RQ FKLFN JURZWK DQG
GHYHORSPHQW7KHLGHQWL¿FDWLRQRIVH[XDOGLIIHUHQFHV
LQFDOOVZLOODOVRDOORZWKHGHWHFWLRQRIJHQGHUHIIHFWV
on partnerships, parental attentiveness, and growth 
DQGGHYHORSPHQWRIFKLFNV
,QWKLVVWXG\ZHH[DPLQHGWKHGLIIHUHQFHVEHWZHHQ
WKH FDOOV DQG ERG\ GLPHQVLRQV RI PDOH DQG IHPDOH
Streaked Shearwaters, using a molecular sexing 
method based on avian chromo-helicase-DNA-bind-
LQJ&+'JHQHVVHH*ULI¿WK	.RUQ*ULI¿WKV
HWDO.DKQHWDO)ULGROIVVRQ	(OOHJUHQ
 'XELHF 	 =DJDOVND1HXEDXHU  &HULW 	
$YDQXV5HLVHWDO7KLVLVWKH¿UVWSDSHU
WRLGHQWLI\JHQGHURIWKH6WUHDNHG6KHDUZDWHUXVLQJD
molecular sexing method in relation to sexual dimor-
phism in calls and body dimensions.
MATERIALS AND METHODS
1) Study sites and sampling
:H FRQGXFWHG ¿HOGZRUN RQ WZR EUHHGLQJ LVODQGV
RI WKH 6WUHDNHG 6KHDUZDWHU .DQPXUL ,VODQG LQ WKH
VRXWKHUQPRVW 6HD RI -DSDQ ƍ1 ƍ(
0DL]XUX .\RWR 3UHIHFWXUH DQG 0LNXUD ,VODQG LQ
WKH ZHVWHUQ 1RUWK 3DFL¿F ƍ1 ƍ( ,]X
,VODQGV 7RN\R XQGHU SHUPLWV IURP ORFDO JRYHUQ-
PHQWDQGIURPWKH0LQLVWU\RI(QYLURQPHQWRI-DSDQ
GXULQJ WKH EUHHGLQJ VHDVRQ LQ :H FRQGXFWHG
¿HOGZRUNLQ0D\PDWLQJVHDVRQRQ.DQPXUL,VODQG
<RVKLGD  DQG LQ$XJXVW DQG 6HSWHPEHU WKH
¿UVW KDOI RI WKHLU FKLFNUHDULQJ VHDVRQ RQ 0LNXUD
,VODQG2NDHWDO
We captured adult birds on the ground or in bur-
rows by hand and collected non-invasive samples 
EXFFDO FHOOV RU IHDWKHUV IRU WKH'1$DQDO\VHV2Q
Kanmuri Is., we collected buccal cells by rolling a 
FRWWRQVZDELQWKHPRXWKDQGWKURDWRIHDFKELUGIRU
FD ¿YH VHFRQGV DQG SODFHG WKH VZDE LQWR DPLFUR
WXEHFRQWDLQLQJPORIHWKDQRODQGURWDWHGLW
IRU FD  V:H UHSHDWHG WKLV SURFHGXUH RQFHPRUH
using another swab and put the swab into the same 
PLFURWXEHDQGNHSW WKHPLFURWXEHDWí&LQ WKH
ODERUDWRU\IRUWKUHHPRQWKVXQWLODQDO\VLV2Q0LNXUD
,VZHSOXFNHGD IHZVPDOO IHDWKHUV IURPHDFKELUG
and kept them in an envelope in a dry box with desic-
FDQWDQGWKHQVWRUHGWKHPLQDIUHH]HUXQWLODQDO\VLV
:H LGHQWL¿HG WKH W\SH RI FDOOV KLJK RU ORZ VHH
)LJIRUUHIHUHQFHIRUHDFKELUG WKDWFDOOHGGXULQJ
handling, as many birds made calls when collecting 
VDPSOHV 7KH FDOOV ZHUH WUDQVFULEHG DV ³3L࣭uWi-
a࣭D´WKHKLJKFDOODQG³*D࣭JXD´WKHORZFDOO
OLNHWKRVHUHSRUWHGE\.XURGD.L\RVX
DQG$ULPD	 6XJDZD $V WKH GRPLQDQW IUH-
TXHQF\ RI WKH WZR FDOO W\SHV GLIIHUHG YDVWO\ IURP
HDFKRWKHUDERXWN+]IRUWKHKLJKFDOODQGDERXW
 N+] IRU WKH ORZ FDOO DV VKRZQ LQ WKH VRQRJUDP
)LJZHZHUHDEOH WR LGHQWLI\ WKH WZRFDOO W\SHV
even when they produced only a short call.
Fig. 1. 6RQRJUDPV RI WKH W\SLFDO SKUDVHV RI WKH WZRPDMRU
W\SHVRIYRFDOL]DWLRQJLYHQE\6WUHDNHG6KHDUZDWHUVDKLJK
SLWFKHG FDOO WKH KLJK FDOO DQG D ORZSLWFKHG FDOO WKH ORZ
FDOO$GDSWHGIURP$ULPD	6XJDZD
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WZLFH %LUGV ZHUH UHOHDVHG LPPHGLDWHO\ DIWHU GDWD
collection at the study sites. The dimensions mea-
sured were: total head length, exposed culmen, tar-
VXVZLQJ WDLODQGELOOGHSWKDW WKHDQWHULRUHGJHRI
WKHQRVWULO)LJ
We collected non-invasive samples and measured 
WKH ERG\ GLPHQVLRQV RI  ELUGV LQ WRWDO FRQVLVWLQJ
RI  ELUGV RQ .DQPXUL ,V DQG  RQ 0LNXUD ,V
$PRQJ WKHPZHFRXOG LGHQWLI\ WKHFDOO W\SH IRU
ELUGV FRQVLVWLQJ RI   JLYLQJ KLJK FDOOV DQG 
JLYLQJ ORZ FDOOV RQ.DQPXUL ,V DQG   JLYLQJ
KLJKFDOOVDQGJLYLQJORZFDOOVRQ0LNXUD,V
) DNA e[traction and puri¿cation
(DFK EXFFDO FHOO VDPSOH ZDV GLJHVWHG RYHUQLJKW
LQ  ȝO RI 67( EXIIHU  P0 1D&O  P0
7ULV+&OS+P0('7$ZLWKȝORI
6RGLXPGRGHF\O VXOIDWH 6'6DQGȝg proteinase 
. DW & (LWKHU D ZKROH IHDWKHU RU WKH URRW RI D
IHDWKHUZDV VOLFHG LQWR VPDOO IUDJPHQWV %DED HW DO
7KHQ'1$ZDVSXUL¿HGE\ WKHFRQYHQWLRQDO
SKHQROFKORURIRUPPHWKRG 0DQLDWLV HW DO  RU
ZLWKDQ,VR4XLFNNLW25&$5HVHDUFK,QF%RWKHOO
:DVK
) Design oI new primer pairs Ior speci¿c ampli-
¿cation oI tKe StreaNed SKearwater &HD genes
:HSHUIRUPHGDSUHOLPLQDU\H[DPLQDWLRQ WR LGHQ-
WLI\ WKH JHQGHU RI EXFFDO FHOOV IURP  6WUHDNHG
Shearwaters, using the molecular sexing method 
EDVHG RQ D XQLYHUVDO SULPHU SDLU )5
)ULGROIVVRQ	(OOHJUHQ  WKDW KDG EHHQ H[DP-
LQHGDQGIRXQGHIIHFWLYHWRDPSOLI\DYLDQ&+'JHQHV
IRU D QXPEHU RI QRQUDWLWH ELUG JURXSV )ULGROIVVRQ
	 (OOHJUHQ  IROORZLQJ WKH VDPH PROHFXODU
PHWKRGV IRU WKH EXFFDO FHOOV GHVFULEHG LQ$ULPD 	
2KQLVKL7KHJHQGHURIHDFKELUGZDVLGHQWL-
¿HG LIREYLRXVDPSOL¿FDWLRQRIH[SHFWHG OHQJWK UHS-
resenting CHD-W EHWZHHQDQGES LQVL]H
and/or CHD-ZEHWZHHQDQGESJHQHVZDV
REWDLQHG E\ SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 VHH
)ULGROIVVRQ	(OOHJUHQ  DQG$ULPD	2KQLVKL
+RZHYHUDVREYLRXVDPSOL¿FDWLRQWRLGHQWLI\
JHQGHU FRXOG QRW EH REWDLQHG E\ 3&5 DW KLJK UDWHV
using the previously known universal primer pair 
VHH5(68/76ZHGHVLJQHG WZRQHZSULPHUSDLUV
ZKLFK VSHFL¿FDOO\ DPSOLI\ WKH 6WUHDNHG 6KHDUZDWHU
CHD-W and CHD-Z genes, as described below.
)LUVW D UHJLRQ LQFOXGLQJ LQWURQ  RI WKH 6WUHDNHG
6KHDUZDWHU&+'JHQHVZDVDPSOL¿HGE\3&5XVLQJ
DSULPHUSDLU/+.DKQHWDOIURP




DV GHVFULEHG DERYH VHH DOVR 5(68/76 0ROHFXODU
VH[LQJZLWKWKHXQLYHUVDOSULPHUSDLU)5
(DFK 3&5ZDV FDUULHG RXW LQ ȝl volumes con-
WDLQLQJP07ULV+&O S+P0.&O
P0 0J&O  P0 RI DQ HTXLPRODU VROXWLRQ RI
G173VȝJRIERYLQHVHUXPDOEXPLQ %6$
XQLWV RI Ex Taq '1$ SRO\PHUDVH 7DNDUD DQG 
S0 RI HDFK SULPHU (DFK 3&5 PL[WXUH FRQWDLQHG
JHQRPLF'1$RI HDFKELUG DV D WHPSODWH7KH WKHU-
PDO SUR¿OH FRPSULVHG DQ LQLWLDO GHQDWXULQJ VWHS DW
&IRUPLQIROORZHGE\F\FOHVRIGHQDWXULQJ
DW & IRU  V DQQHDOLQJ DW & IRU  V DQG
H[WHQVLRQ DW & IRU  V$ ¿QDO H[WHQVLRQ VWHS
RI & IRU  PLQ ZDV DGGHG DIWHU WKH ODVW F\FOH
(DFKDPSOL¿HGIUDJPHQWZDVFORQHGLQWRWKHSODVPLG
YHFWRU S&5 7232 7$ &ORQLQJ NLW ,QYLWURJHQ




with the chicken CHD-W *HQ%DQN DFFHVVLRQ 1R
Fig. 2. Morphometric measurements taken in this study. 
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$))ULGROIVVRQ	(OOHJUHQDQGCHD-Z 
*HQ%DQN DFFHVVLRQ 1R $) *ULIILWKV 	
.RUQ  JHQHV XVLQJ%LR(GLW YHUVLRQ  VRIW-
ZDUH +DOO  KWWSZZZPELRQFVXHGXELRHGLW
ELRHGLWKWPO DQG SDUWLDO VHTXHQFHV RI WKH 6WUHDNHG
Shearwater CHD-W and CHD-Z genes were identi-
¿HG E\ KRPRORJ\ ZLWK WKHLU FKLFNHQ FRXQWHUSDUWV
7KHSHUFHQWDJHVRIFRPPRQLGHQWLW\EHWZHHQDOLJQHG
VHTXHQFHV ZHUH FDOFXODWHG ZLWK WKH LGHQWLW\ PDWUL[
PRGXOHRI%LR(GLW
7KHQ VHTXHQFHV RI WKH 6WUHDNHG 6KHDUZDWHU
CHD-W and CHD-Z genes were aligned with each 
RWKHU DQG ZH GHVLJQHG WZR QHZ SULPHU SDLUV IRU
VSHFL¿F DPSOL¿FDWLRQ RI WKH 6WUHDNHG 6KHDUZDWHU
CHD-W and CHD-Z genes, based on the discrep-
DQF\ EHWZHHQ LQWURQ VHTXHQFHV RI WKHVH JHQHV
SULPHU SDLU ) C$$$&$****7777*$&-
&$$&7$$&C DQG:5 C$$777&$*$77$-
$*7$*77&$$$*&7$7*7*C IRU WKH 6WUHDNHG
Shearwater CHD-W JHQH DQG SULPHU SDLU =)
C*7*7&7777&*77&7*$&7*$&77*C DQG
=5C&*&&7&&&77&$&77&&$77$$$*&C




) Molecular se[ing based on tKe StreaNed SKear-
water &HD genes
7ZR3&5 DQDO\VHVZHUH SHUIRUPHG IRU HDFK ELUG
WRLGHQWLI\LWVJHQGHURQHZLWKWKHSULPHUSDLU)
DQG:5IRUCHD-WJHQHDQGWKHRWKHUZLWKWKH
SULPHU SDLU =) DQG =5 IRU CHD-Z JHQH 7KH




& IRU PLQZDV DGGHG DIWHU WKH ODVW F\FOH7KH
PDNHXS RI UHDFWLRQPL[WXUHV ZDV LGHQWLFDO WR WKRVH
DERYH3&5SURGXFWVZHUHUHVROYHGE\DJDURVH
JHO HOHFWURSKRUHVLV DSSOLHG ZLWK +LJK 5DQJHU 3OXV
ES'1$/DGGHU1RUJHQ&DQDGDDQGWKH'1$
IUDJPHQWVZHUHYLVXDOL]HGE\89OLJKWWUDQVLOOXPLQD-
tion and ethidium bromide staining. Male birds were 
LGHQWL¿HGZKHQ WKH3&5 IRUCHD-Z gene produced 
DPSOL¿FDWLRQRIH[SHFWHGOHQJWKVHH5(68/76EXW
WKDW IRU CHD-W JHQH GLG QRW )HPDOH ELUGV ZHUH
LGHQWL¿HGZKHQERWK3&5V IRUCHD-W and CHD-Z 
JHQHVSURGXFHGDPSOL¿FDWLRQRIH[SHFWHGOHQJWKVHH
5(68/76
:KHQQHLWKHURIWKH3&5VIRUCHD-W and CHD-Z 
JHQHVSURGXFHGDPSOL¿FDWLRQZHSHUIRUPHGWZRVWHS
3&5V DV IROORZV )LUVW 3&5 ZDV SHUIRUPHG XVLQJ
SULPHUSDLU/+.DKQHWDODQGWKH
JHQRPLF '1$ RI HDFK ELUG DV D WHPSODWH 6HFRQG
3&5 IRUCHD-W JHQHZDV SHUIRUPHG XVLQJ SULPHU
SDLU):5DQGRIWKH¿UVW3&5SURGXFWDV
D WHPSODWH DQG VHFRQG 3&5 IRU CHD-Z gene was 
SHUIRUPHGXVLQJSULPHUSDLU=)=5DQGRIWKH
¿UVW3&5SURGXFWDVD WHPSODWH7KH WKHUPDOSUR¿OH
DQG PDNHXS RI UHDFWLRQ PL[WXUHV ZHUH LGHQWLFDO WR
those described above.
*HQGHU LGHQWL¿FDWLRQ E\ 3&5 DQDO\VHV ZLWK WKH
SULPHU VHWV GHYHORSHG LQ WKLV VWXG\ ZDV SHUIRUPHG
IRU  ELUGV ZKRVH JHQGHUV ZHUH LGHQWL¿HG E\ WKH
XQLYHUVDO SULPHU SDLU )5 VHH 5(68/76
Molecular sexing with the universal primer pair 
)5 WR FKHFN ZKHWKHU JHQGHUV LGHQWL¿HG
by primer sets developed in this study were consis-
WHQWZLWK JHQGHUV LGHQWL¿HG E\ WKH XQLYHUVDO SULPHU
SDLU )5 7KHQ JHQGHUV RI DOO ELUGV ZHUH
LGHQWL¿HG E\ 3&5 DQDO\VHV ZLWK WKH SULPHU VHWV
developed in this study.
5) Statistical analysis
$V ZH VWXGLHG PHDVXUHPHQWV RI ELUGV IURP WZR
LVODQGV ZH DQDO\VHGPHDVXUHPHQWV IRFXVLQJ RQ WKH
HIIHFWV RI SRSXODWLRQ DV ZHOO DV WKRVH RI JHQGHU
Among the 69 study birds we lacked several mea-
VXUHPHQWVRIQLQHELUGVIURP.DQPXUL,VODQG7KHUH-
IRUHZHDQDO\VHGE\PXOWLYDULDWHDQDO\VLVRIYDULDQFH
0$129$ WKH HIIHFWV RI JHQGHU DQG SRSXODWLRQ
and the interaction between them on: body dimen-
VLRQVWRWDOKHDGOHQJWKH[SRVHGFXOPHQOHQJWKELOO
GHSWKDWDQWHULRUHGJHRIQRVWULOQDWXUDOZLQJOHQJWK
WDLO OHQJWK DQG WDUVXV OHQJWK XVLQJ PHDVXUHPHQWV
WDNHQIURPWKHUHPDLQLQJELUGVIURP.DQPXUL
,V DQG  IURP 0LNXUD ,V $IWHU 0$129$ ZH
DVVHVVHG ZKLFK YDULDEOHV ZHUH UHVSRQVLEOH IRU WKH
VLJQL¿FDQW PDLQ HIIHFWV E\ D XQLYDULDWH DQDO\VLV RI
YDULDQFH WZRZD\$129$ RI HDFK UHVSRQVH YDUL-
DEOH%RWKZHUH WHVWHG XVLQJ -03 VRIWZDUH SDFNDJH
KWWSZZZMPSFRP 7KH OHYHO RI VLJQL¿FDQFH RI
all statistical analyses was P 0HDVXUHPHQWV
ZHUHJLYHQDVPHDQV 6(
RESULTS
1) Nucleotide seTuences oI tKe StreaNed SKear-
water &HD gene
$WRWDORIESRIDUHJLRQLQFOXGLQJLQWURQRI
the Streaked Shearwater CHD-W and CHD-Z genes 
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ZHUH GHWHUPLQHG IURP IRXU JHQRPLF'1$ VDPSOHV
Both the Streaked Shearwater CHD-W and CHD-Z 
VHTXHQFHV ZHUH FRQVWUXFWHG ZLWK  ES RI H[RQ
.DKQHWDODQGESRI LQWURQ7KHFDOFX-
ODWHGSHUFHQWDJHRIFRPPRQ LGHQWLW\EHWZHHQ LQWURQ
VHTXHQFHVRIWKH6WUHDNHG6KHDUZDWHUCHD-W and the 
chicken CHD-WJHQHVZDVDQG WKDWEHWZHHQ
the Streaked Shearwater CHD-Z and the chicken 
CHD-Z JHQHVZDV 7KH FDOFXODWHGSHUFHQWDJH
RIFRPPRQLGHQWLW\EHWZHHQLQWURQVHTXHQFHVRIWKH
Streaked Shearwater CHD-WDQG&+'=JHQHVZDV
 6HTXHQFH GDWD RI WKH 6WUHDNHG 6KHDUZDWHU
CHD-W and CHD-Z genes have been submitted 
to the GenBank database under accession numbers 
$%DQG$%UHVSHFWLYHO\
2) Molecular se[ing witK tKe uniYersal primer 
pair 2550F/2718R
1R REYLRXV DPSOL¿FDWLRQ WR LGHQWLI\ JHQGHU ZDV
REWDLQHGE\ VLQJOH3&5VXVLQJ WKH NQRZQXQLYHUVDO
SULPHU SDLU )5 IRU DOO RI WKH H[DPLQHG
'1$VDPSOHVSXUL¿HG IURPEXFFDOFHOOV6HFRQG
3&5VXVLQJRIWKHVLQJOH3&5SURGXFWDVDWHP-
SODWH WZRVWHS 3&5 VHH$ULPD 	 2KQLVKL 
\LHOGHG REYLRXV DPSOL¿FDWLRQ RI H[SHFWHG OHQJWK
representing CHD-W EHWZHHQ  DQG  ES LQ
VL]HDQGRUCHD-ZEHWZHHQDQGESJHQHV
IRU RXWRI WKHELUGVH[DPLQHGZKLFK
HQDEOHG XV WR LGHQWLI\ WKHLU JHQGHUV  PDOHV DQG
 IHPDOHV ,Q WKH UHPDLQLQJ QLQH ELUGV KRZHYHU
REYLRXV DPSOL¿FDWLRQ FRXOG QRW EH REWDLQHG E\ WKH
XQLYHUVDOSULPHUSDLUHYHQDIWHUWKHVHFRQG3&5V
) Molecular se[ing witK tKe primer sets 
deYeloped in tKis study
7ZRSULPHUVHWVGHYHORSHGLQWKLVVWXG\RQHVHWIRU
the Streaked Shearwater CHD-W gene and the other 
IRU WKH6WUHDNHG6KHDUZDWHUCHD-Z JHQH DPSOL¿HG
ES DQGES IUDJPHQWV UHVSHFWLYHO\ )LJ 
*HQGHUV LGHQWL¿HGE\3&5DQDO\VHVZLWK WKHSULPHU
VHWVGHYHORSHGLQ WKLVVWXG\ZDVSHUIHFWO\FRQVLVWHQW
ZLWK JHQGHU LGHQWL¿FDWLRQ E\ WKH XQLYHUVDO SULPHU
SDLU )5 IRU DOO RI WKH  ELUGV H[DPLQHG
7KHQJHQGHUVRIDWRWDORIELUGVZHUHLGHQWL¿HGE\
3&5DQDO\VHVZLWK WKHSULPHUVHWVGHYHORSHGLQ WKLV
VWXG\$PRQJ WKH  ELUGV ZH H[DPLQHG IRU ZKLFK
JHQGHU ZDV DOVR DVVRFLDWHG ZLWK FDOO W\SH  ZHUH
LGHQWL¿HGDVPDOHVDQGDVIHPDOHV$PRQJWKHP
WKHJHQGHURIELUGVPDOHVDQGIHPDOHVZDV
LGHQWL¿HG E\ VLQJOH 3&5 DQG WKDW RI WKH UHPDLQLQJ
ELUGVPDOHVDQGIHPDOHVZDVLGHQWL¿HGE\
WZRVWHS3&50HDVXUHPHQWVRI ELUGV PDOHV
DQG IHPDOHVZHUH DQDO\VHG DV VHYHUDOPHDVXUH-




VHYHUHDV WRPDNHVH[ LGHQWL¿FDWLRQ LPSRVVLEOHZLWK
either buccal cell or plumage samples.
) Se[ual dimorpKism in calls
$PRQJWKHELUGVZHH[DPLQHGIRUJHQGHUDVVR-
FLDWHGZLWK FDOO W\SHV DOO  RI WKH ELUGV WKDW JDYH
KLJKFDOOVZHUHFRQ¿UPHGWREHPDOHVDQGDOORI
WKH ELUGV WKDW JDYH ORZ FDOOV ZHUH FRQ¿UPHG WR EH
IHPDOHV 7DEOH 7KH KLJK DQG ORZ FDOOV GLIIHU VR
REYLRXVO\ IURP HDFK RWKHU )LJ  WKDW WKH\ FDQ EH
GLVWLQJXLVKHGHDVLO\DQGUHOLDEO\LQWKH¿HOG
5) *ender and population dimorpKism in body 
dimensions
7KHUH ZHUH VLJQL¿FDQW PXOWLYDULDWH HIIHFWV DVVR-
ciated with both gender and population on body 
GLPHQVLRQV EXW WKHUHZDV QR VLJQL¿FDQW LQWHUDFWLRQ
EHWZHHQJHQGHUDQGSRSXODWLRQ7DEOH6XEVHTXHQW




RI WKHVH YDULDEOHV 7DEOH  ,Q VXPPDU\ RYHUDOO
PDOHV ZHUH VLJQL¿FDQWO\ ODUJHU WKDQ IHPDOHV LQ ¿YH
Fig. 3. *HQGHULGHQWL¿FDWLRQRI6WUHDNHG6KHDUZDWHUVH[DP-
LQHGE\&+'JHQHV$ES IUDJPHQWZDVDPSOL¿HG IURP
the Streaked Shearwater CHD-WJHQHE\3&5ZLWKDSULPHU
SDLU):5DQGDESIUDJPHQWZDVDPSOL¿HGIURP
the Streaked Shearwater CHD-ZJHQHE\3&5XVLQJDSULPHU
SDLU =)=5 7KH ODQHPDUNHG ³0´ FRQWDLQV +LJK 5DQJHU
3OXVES'1$/DGGHU1RUJHQ&DQDGD
Female Male 
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ERG\ VL]H YDULDEOHV WRWDO KHDG OHQJWK H[SRVHG FXO-
PHQ OHQJWK ELOO GHSWK DW DQWHULRU HGJH RI QRVWULO
QDWXUDOZLQJOHQJWKDQGWDUVXVOHQJWKEXWQRWLQWDLO
OHQJWK0RUHVSHFL¿FDOO\WKH.DQPXUL,VODQGSRSXOD-
WLRQZDV VLJQL¿FDQWO\ ODUJHU WKDQ WKH0LNXUD ,VODQG
SRSXODWLRQ LQ ¿YH ERG\ VL]H YDULDEOHV WRWDO KHDG




,Q WKLV VWXG\ REYLRXV DPSOL¿FDWLRQ WR LGHQWLI\
JHQGHU E\ 3&5XVLQJ WKH SUHYLRXVO\ NQRZQ XQLYHU-
VDO SULPHU SDLU )5 FRXOG QRW EH REWDLQHG
DW D VDWLVIDFWRU\ UDWH ZLWK '1$ IURP EXFFDO FHOOV
Although buccal cells have previously been used suc-
FHVVIXOO\ IRU QRQLQYDVLYH JHQHWLF DQDO\VLV LQ ELUGV
ORZHU \LHOGV RI '1$ IURP EXFFDO FHOOV WKDQ IURP
EORRG VDPSOHV DQG SRWHQWLDO FRQWDPLQDWLRQ RI EXF-






this study. On the one hand, considering that the gen-
GHUVRIDOORIWKH'1$VDPSOHVWHVWHGLQFOXGLQJWKRVH
IURPEXFFDOFHOOVFRXOGEHVXFFHVVIXOO\LGHQWL¿HGE\
using the newly developed primer pairs in this study, 
the two new primer pairs should surpass the universal 
SULPHUSDLU IRUJHQGHU LGHQWL¿FDWLRQRI WKH6WUHDNHG
6KHDUZDWHU IURP QRQLQYDVLYH '1$ VDPSOHV ZLWK
ORZ\LHOGVRI'1$VXFKDVWKRVHIURPEXFFDOFHOOV
On the other hand, considering that Genovart et al. 
 VXFFHVVIXOO\ XVHG WKH SUHYLRXVO\ GHVFULEHG
SULPHU SDLU )5 WR GHWHUPLQH WKH JHQGHU
RI WKH FRQJHQHULF &RU\¶V 6KHDUZDWHU C. diomedea 
diomedea, the previously known primers may work 
SURSHUO\ LQ WKH6WUHDNHG6KHDUZDWHU WRR LIDGHTXDWH
DPRXQWVRISXUL¿HG'1$VXFKDVWKRVHIURPEORRG
are tested.
*HQGHU GLPRUSKLVP LQ WKH FDOOV RI WKH 6WUHDNHG
6KHDUZDWHU ZDV FOHDUO\ VKRZQ DQG XQHTXLYRFDO
DGXOW PDOHV JLYH KLJK FDOOV DQG DGXOW IHPDOHV JLYH
ORZ FDOOV7KLV JHQGHU GLPRUSKLVP LQ YRFDOL]DWLRQV
in which males produce higher pitched calls than 
IHPDOHV LV FRPPRQ DPRQJ QRFWXUQDO SHWUHOV DQG
KDV EHHQ UHSRUWHG IRU RWKHU VKHDUZDWHU VSHFLHV WRR
such as Manx Shearwater Puf¿nus puf¿nus %URRNH
<HONRXDQ6KHDUZDWHUP. yelkouan DQG&RU\¶V
Shearwater &XUH HW DO  7KRVH VKHDUZDWHUV
DOVRH[KLELWJHQGHUGLPRUSKLVPLQERG\VL]HDVGRHV
the Streaked Shearwater, wherein males are larger 
WKDQIHPDOHV7KHVHFKDUDFWHULVWLFVVHHPWRFRQWUDGLFW
the general biological rule in numerous avian species 
that lower pitched calls are associated with larger 
VL]H DV FDOOV DUH VXVSHFWHG RI UHÀHFWLQJ ERG\ VL]H
RUPDVV :DOOVFKOlJHU  )OHWFKHU $V IRU





Table 2. 7KH UHVXOWV RI 0$129$ RI VL[ PRUSKRORJLFDO FKDUDFWHUV RI
6WUHDNHG6KHDUZDWHUVWRWHVWWKHHIIHFWVRIJHQGHUDQGSRSXODWLRQ
)DFWRUV :LONV¶䏔 Approxmated RUH[DFW) GI 3
Whole     
Gender í    
3RSXODWLRQ í   
Gender*3RSXODWLRQ í   
Table 1. $JUHHPHQWVRI6WUHDNHG6KHDUZDWHUVEHWZHHQFDOOW\SHDQGJHQGHUGHWHUPLQHGE\&+'
genes.
&DOOW\SH D1XPEHURIELUGV E 5HVXOWV RI JHQGHU GHWHUPLQDWLRQ E\PROHFXODUPHWKRGEDVHGRQ&+'JHQHV $JUHHPHQWLQED
High call  All males 
Low call 31 $OOIHPDOHV 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DQG FRPSHWLWLRQ IRU PDWHV DV LV WKH FDVH LQ RWKHU
QRFWXUQDO VKHDUZDWHUV 0F1HLO HW DO :DUKDP
&XUHHWDO7RRXUNQRZOHGJHZLWKWKH
H[FHSWLRQRI&XUHHWDO  WKHUHKDYHEHHQ IHZ
VWXGLHV RI YRFDOL]DWLRQV LQ QRFWXUQDO SHWUHOV LQ UHOD-
WLRQ WR LQWUDVSHFL¿F EHKDYLRU DQG KDELWDWGHSHQGHQW
HQYLURQPHQWDO VRXQGV 7KH EUHHGLQJ LVODQGV RI WKH
Streaked Shearwater are typically densely covered 
ZLWK ZDUPWHPSHUDWH HYHUJUHHQ IRUHVW -LGD HW DO
 0DHVDNR  ZLWK D VRXQG HQYLURQPHQW
WKDWLQFOXGHVZLQGZDYHVDQGWKHUXVWOLQJRIOHDYHV
Male Streaked Shearwaters may have evolved higher 
pitched calls under such environmental selection 




SRWHQWLDO PDWHV WHUULWRULDO GHIHQVH DQG LQ FRPSHWL-
WLRQIRUPDWHV
As shearwaters become silent at their colonies as 
the breeding season progresses, calls may prove to be 
DQXQFHUWDLQPHWKRGIRUJHQGHU LGHQWL¿FDWLRQGXULQJ
FHUWDLQSHULRGVRIWKHEUHHGLQJVHDVRQ7KHQLQVWHDG
RI YRFDOL]DWLRQV ERG\ VL]H PD\ SURYH WR EH PRUH
XVHIXO FULWHULD IRU GLVFULPLQDWLQJ JHQGHU +RZHYHU
ZH IRXQG WKDWPRUSKRPHWULFGLPRUSKLVPRFFXUVQRW
only between genders, but also between populations 
EHWZHHQ SRSXODWLRQV EUHHG DW VLPLODU ODWLWXGHV EXW








ELUGV IURP RWKHU FRORQLHV 2XU VDPSOH VL]H D IHZ
tens individuals, may be too small to prove the poten-
tial geographical variations in morphology between 





DQG -DSDQ0DULWLPH6HOI'HIHQVH)RUFH IRU WUDQVSRUWDWLRQ WR
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WKDQN12KQLVKLIRUYDOXDEOHFRPPHQWVRQODERUDWRU\ZRUN
:H ZLVK WR WKDQN WZR DQRQ\PRXV UHYLHZHUV DQG0 %UD]LO





$ULPD + 	 2KQLVKL 1  8VHIXOQHVV RI DYLDQ




Shearwater Calonectris leucomelas breeding on 
.DQPXUL ,VODQG -SQ -2UQLWKRO  ± LQ -DSD-
QHVHZLWK(QJOLVKVXPPDU\
%DED<)XMLPDNL<<RVKLL5	.RLNH+*HQHWLF
YDULDELOLW\ LQ WKHPLWRFKRQGULDOFRQWURO UHJLRQRI WKH





%URRNH 0  Albatrosses and petrels across the 
world.2[IRUG8QLYHUVLW\3UHVV1HZ<RUN
%URRNH0'/6H[XDOGLIIHUHQFHVLQWKHYRLFHDQG
individual vocal recognition in the Manx Shearwaters 
Puf¿nus puf¿nus$QLP%HKDY±
%URRNH0'/7KHYRFDOV\VWHPVRI WZRQRFWXU-
nal petrels, the White-chinned Procellaria aequinoc-
tialis and the Grey P. cinerea,ELV±
&DUH\ 0  6H[XDO VL]H GLPRUSKLVP ZLWKLQSDLU
comparisons and assortative mating in the short-tailed 
VKHDUZDWHUPuf¿nus tenuirostris1RWRUQLV±
&XUH&$XELQ7	0DWKHYRQ1$FRXVWLFFRQ-




ODU VH[LQJ SURWRFROV LOOXVWUDWHG E\ D =FKURPRVRPH
SRO\PRUSKLVP GHWHFWHG LQ DXNOHWV 0RO (FRO 1RWHV
±
'XELHF$ 	 =DJDOVND1HXEDXHU0 0ROHFXODU
WHFKQLTXHV IRU VH[ LGHQWL¿FDWLRQ LQ ELUGV %LRO /HWW
±
)OHWFKHU 1+ $ VLPSOH IUHTXHQF\VFDOLQJ UXOH
IRU DQLPDO FRPPXQLFDWLRQ -$FRXVW 6RF$P 
±
)ULGROIVVRQ $. 	 (OOHJUHQ +  $ VLPSOH DQG
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